Introduction
Glioblastoma is the most common intracranial tumor, and the imaging findings of glioblastoma are variable. However, most glioblastoma lesions present with a ring-shaped pronounced mass effect and heterogeneous enhancement with centrally necrotic regions with no enhancement on magnetic resonance imaging (MRI). Typical glioblastoma is easily identified on MRI; however, some non-characteristic images may be misinterpreted as vascular disease. Here, we report a case of glioblastoma with imaging findings mimicking a cerebral cavernous malformation (CCM). The patient with intracranial hemorrhage (ICH) was ultimately diagnosed as having glioblastoma that contained significant tumor-related vasculature. We discuss the challenges in the diagnosis of glioblastoma and its probable relationship with CCM.
Case report
A 34-year-old woman presented with a 9-day history of intermittent dizziness at the Tsinghua University Yuquan Hospital (Beijing, China) in July 2015. No other nervous system deficits were found. Brain MRI (Figure 1a ) revealed a 52 mm × 51 mm × 48 mm lesion on the right temporal lobe and showed non-obvious edema and slightly heterogeneous contrast enhancement without centrally necrotic regions. On the other hand, brain computed tomography (CT) (Figure 1b ) revealed a hemorrhage on the right temporal lobe. High-resolution susceptibility weighted imaging (SWI) (Figure 1c ) showed a hypointensity lesion. Simultaneous noncontrast angiography and intraplaque hemorrhage (SNAP) imaging (Figure 1d ) showed that the lesion was rich in vasculature. T2-weighted inversion recovery based sequence for CSF suppression (T2 Flair) imaging also showed that the lesion was rich in small blood vessels (Figure 1e ). All these characteristics did not support a diagnosis of glioblastoma. The patient was scheduled to undergo a right frontotemporal craniotomy. During the procedure, the lesion (Figure 2a ) had distinct boundaries with reddish brown appearance and was rich in venous vessels. All these results were consistent with the diagnosis of CCM. The lesion was pathologically confirmed as glioblastoma according to the results of histological examination (Figure 2b) . The histopathological analysis revealed that the tumor was composed of densely packed cells and showed nuclear and cell pleomorphism. Follow-up MRI performed at 3 months post-surgery showed no evidence of recurrence.
Discussion
Glioblastomas are highly malignant and invasive brain tumors. Glioblastoma is the most common intracranial tumor and the most frequent cause of hemorrhage in brain tumors. ICH caused by glioblastoma is usually located in the cerebral hemispheres, basal ganglia, and corpus callosum [1] . A few hypotheses have been proposed to explain the etiology of tumor-associated hemorrhage. Hemorrhage within the tumor may be caused by the disruption of vessels and tumor erosion of the cerebral vessels [2] . The vasculature of tumors and peritumoral tissue is structurally and functionally abnormal, and these vessels may bleed easily [3] [4] [5] . Suppression of the tissue factor-dependent coagulation cascade may cause glioblastoma-associated ICH [6] . Finally, intratumoral arteriovenous fistulae may also be a mechanism for the pathogenesis of tumor-associated hemorrhage [7] . In this case, the reveals a 52 mm × 51 mm × 48 mm-lesion on the right temporal lobe and shows non-obvious edema and slightly heterogeneous contrast enhancement without centrally necrotic regions. b Brain computed tomography (CT) reveals a hemorrhage on the right temporal lobe. c High-resolution susceptibility weighted imaging (SWI) shows a hypointensity lesion. d Simultaneous noncontrast angiography and intraplaque hemorrhage (SNAP) imaging shows that the lesion is rich in vasculature. e T2 weighted inversion recovery based sequence for CSF suppression (T2 Flair)-imaging shows that the lesion is rich in small blood vessels.
hemorrhage could have originated from the numerous small abnormal vessels, which rupture easily.
It is difficult to make a diagnosis when glioblastoma presents as ICH. Nevertheless, some distinctive characteristics of tumor-related ICH on images may aid in diagnosis. Atypical position, irregular shape, heterogeneous signal, and multiple hemorrhage positions suggest that intracranial hematomas may be caused by neoplasms [7, 8] . Most of tumor-related hemorrhages are intraparenchymal and rarely rupture into the subarachnoid space. In this respect, this case was consistent with a tumor-related hematoma. Glioblastoma may present with a ring-shaped enhancement around the tumor on contrast-enhanced CT or MRI with a hypodense area in the center. Peritumoral edema may be an important factor because it is scarce in acute ICH but very common in intracranial tumor. In the case presented here, the hemorrhage was located in the temporal lobe with some peritumoral edema. The appearance of spontaneous intracranial hematoma was homogenous, and there was no peri-lesional ring-like enhancement. All these features did not suggest a tumor presenting with hematoma. Therefore, it is important for us to consider neoplastic etiology when hemorrhage is located in an abnormal position or presents with untypical features.
The exact relationship between brain tumor and CCM is still unclear. One hypothesis is occasional association [9] . The tumor and CCM are common brain lesions and might coexist. We reported a woman with a right temporal lobe glioblastoma mimicking a CCM. This glioblastoma contained many small vessels with nonvisualization on angiography image. In the case presented, SWI and SNAP to investigate the etiology of ICH demonstrated a large region of irregular vasculature. The combination of ICH and abnormal vasculature on SNAP images was highly suggestive of CCM in this patient. These features resemble a CCM. This case together with other reports [10] [11] [12] [13] [14] might suggest an oncogenetic feature of glioblastoma. This indicates that some gliomas may develop from CCM.
Recently, many reports [10] [11] [12] [13] [14] [15] [16] [17] have indicated that there may be a relationship between CCM and intracranial tumors such as glioma, meningioma, and schwannoma. There also have been some reports of glioblastoma presenting as suspected arteriovenous malformation [1, 10] . There may be two types of this relationship. The first type is a sequential relationship. In some cases, studies reported [9] [10] [11] [12] [13] [14] [15] that after radiation or resection of the CCM, glioma or anaplastic oligo-astrocytoma can occur. Due to this phenomenon, some studies indicated that glioma might originate from CCM. The other type is a coexisting relationship. Some studies reported that a brain tumor might coexist with a CCM [13] . This phenomenon also indicates that the tumor and CCM may have some common etiology. In the development of CCM, some genes such as CCM may be involved in the progression of CCM [18, 19] . These genes are also tumor suppressor genes. Mutation in these genes stimulates cell proliferation [18, 19] . These genes may play an important role in the development of gliomas, and they can be initiated by irradiation [15] . This might explain why some gliomas occur after radiotherapy. Under a second attack, especially after radiotherapy, CCM might develop into a tumor.
Conclusions
Along with the reports of sequential or coexisting finding of vascular lesions and brain tumors, it is suggested that intracranial vascular disease may play a role in tumorigenesis. However, certain issues remain unsolved. It is still unclear as to which types of vascular diseases are more likely to transform into a tumor and which vascular disease might be a pretumor lesion. Therefore, when a lesion presents with hemorrhage, and the imaging features are very similar to a vascular disease, a tumor must be considered as a condition in the differential diagnosis. 
